Diabetic retinopathy is the commonest cause of blindness in the working age group in England' and the United States.2 Since its pathophysiology is still not understood, all possible factors should be explored. We considered the well known fact that diabetic retinopathy has features in common with sickle cell retinopathy, namely, venous dilatation, microaneurysms, and capillary closure3 preceding neovascularisation,4 even though the new vessels are usually in different areas.
Both diseases are also characterised by abnormal levels of different haemoglobin components, which in sickle cell disease, under conditions of hypoxia, cause a marked rise in viscosity. Even in health the functional reserve of oxygen of the human retina lasts only seconds,5 and the oxygen tension (in cats) just proximal to the outer nuclear layer has been shown to be 12 mmHg6 and even zero,7 and the P02 of blood in human retinal veins has recently been estimated to be as low as 25 Table I .
Methods
After informed consent was obtained, blood samples were collected from the antecubital vein in lithium heparin containers (15 IU/ml). The samples were collected from five subjects at a time. From each sample 1-5 ml was transferred to each of two 10 ml syringes, which were immediately capped. There were five syringes containing blood to be equilibrated with an oxygenating gas mixture and five syringes containing blood to be equilibrated with a deoxygenating gas mixture. A frame was constructed which allowed five syringes of blood/gas to be equilibrated simultaneously. scores ranged from 84-6 to 99-7 (mean 95 4). These scores are illustrated in Figure 1 . The viscosities of oxygenated and deoxygenated blood of normal persons and diabetics without and with retinopathy are presented in Table II . The PCV corrected viscosity is shown in Figure 2 , where the slope of the linear regression line was calculated separately for each group concerned, at the same shear rate of 230 s-'. The log of viscosity is used because of its greater correlation with PCV. The whole blood viscosity of normal persons and diabetics without retinopathy did not change significantly when deoxygenated (paired t tests, p=0-66 and 0-98 respectively for corrected values). In contrast the blood from patients with retinopathy became more viscous when deoxygenated (p=0 027). This pattern was seen with both the measured and corrected values.
Blood gas analyses on 56 samples (20 normals and 36 diabetics) showed that after oxygenation the mean values for P02 were 124-7 (SD 17-2) mmHg and for PCO2 40.4 (1 6) mmHg. After deoxygenation the values for P02 were 18-3 (SD 2 8) mmHg and for PCO2 were 54-1 (2'3) mmHg. The desired changes in blood gases were achieved with good reproducibility, indicated by the relatively small standard deviations.
The results of corrected viscosities of separate retinopathy groups together with the results of the other blood tests performed are presented in Table III . The biggest differences of viscosities are between the no-retinopathy group and the maculopathy and postphotocoagulation groups. In particular there were no significant differences between the HbA1 levels of the retinopathy groups. A scatterplot of the corrected deoxygenated viscosities is shown in Figure 3 to illustrate the spread of data.
Correlation studies showed a significant relationship between total serum cholesterol and the hypoxic viscosity ratio for the 29 patients who had these assays at the same time as the viscometry:
HVR=0O02xC+0 89, r=0 44, p=0-018.
where HVR is the hypoxic viscosity ratio and C is the total serum cholesterol level (mmol/l). The relationship was the same for corrected and measured viscosities and is illustrated in Figure  4 . Cholesterol also correlated with deoxygenated viscosity (0 24xC+3-3, r=0-45, p=0013) but not with oxygenated values. There were no other statistically significant correlations between any of the viscosity values and any of the other independent variables tested, namely, glucose, HbA1, triglycerides, and age. There was no correlation between cholesterol and either HbA or blood glucose.
The first 18 samples (6 normal and 12 diabetic) had PCVs measured of both oxygenated and deoxygenated portions. Of these, seven (three normal) showed a slight increase of PCV on deoxygenation (mean 2 6%) seven (three normal) showed a decrease (mean 2 5%), and four (one normal) showed no change. Only seven of the 18 pairs of PCVs reflected the change in viscosity. Owing to this lack of pattern all the following samples only had one estimate of PCV, performed on the original venous sample.
Discussion
The study was undertaken to test the hypothesis that blood from diabetic patients becomes more viscous when deoxygenated. The hypothesis has been supported in part: blood from diabetics with retinopathy was significantly more viscous when deoxygenated in contrast to that of normals and diabetics without retinopathy. However, this tendency (expressed as a 'hypoxic viscosity ratio') did not correlate with HbAl but did with total serum cholesterol to a modest degree (r= 044).
The correlation with cholesterol indicates that, of the factors influencing the hypoxic ratio, only 19% (r2) can be attributed to the serum cholesterol level. Although cholesterol has been reported to affect membrane viscosity' and rigidity'3 and to correlate with the severity of Oxygenated viscosity cps expected, since bad control is associated with Blood from the patients with retinopathy was increased levels of cholesterol.
12% more viscous when deoxygenated than
The deoxygenating gas mixture was designed deoxygenated blood from diabetic patients withto bring the P02 down from the normal mixed out retiopathy (p=O 001, Figure 3 , Table III Hypoxic viscosity and diabetic retinopathy group.bmj.com on September 9, 2017 -Published by http://bjo.bmj.com/ Downloaded from could be chronic mild hypoperfusion of the retinal tissue, which could lead to hypoxia and a rise in concentration of waste products of metabolism, such as toxic oxidative radicles, which are considered by some to be important in the development of diabetic complications.32 In advanced retinopathy increased hypoxic viscosity could set up a vicious circle by leading to reduced blood flow and lower oxygen tensions, which would cause further increase in viscosity. However, the fact that it was only the patients with the most severe retinopathy who showed an increase in hypoxic viscosity suggests that this is the result of the same diabetic microenvironment which caused the retinopathy rather than the cause of the retinopathy itself; nevertheless the retinopathy could be worsened by it.
The phenomenon of hypoxic viscosity could be important because it might present a new target for pharmacological attack. A future study will examine whether the deformability of red blood cells from diabetic patients is affected by oxygen tension.
